Integrating sphere measurements
Light was provided by a supercontinuum laser (EX-B SuperK Extreme, NKT Photonics, Denmark) tuned by a single line filter unit (Super K Varia, NKT Photonics, Denmark) to defined spectra of blue (425-475 nm), green (525-575 nm), red (615-665 nm) or white (400-700 nm) light. Transmittance (Fig. S1A, left) was measured with an apical thallus fragment of the brown alga Fucus vesiculosus placed in the port opening in front of the integrating sphere, while the port opening in the back was covered with a white reflecting cover plate. Reflectance (Fig. S1A, right) was measured by placing an apical thallus fragment in the port opening on the back of the integrating sphere at a 5-10° angle to capture both the specular and diffuse reflection. Transmitted and reflected light was detected by a spectral light meter (MSC15; Gigahertz Optik Gmbh, Germany) connected to the port located orthogonally to the other port-openings. Incident light was measured, without the sample, by covering the port opening in the back with a white reflecting cover plate. 
Fluorescence profiles of DCMU treated thallus
We measured chlorophyll fluorescence profiles across thallus cross-sections incubated in 10 µM DCMU (3-(3,4-dichlorophenyl)-1, 1-dimethyl-urea; Sigma-Aldrich) for 1 h. DCMU is a specific PSII electron transport inhibitor and should therefore produce relatively stable fluorescence profiles with irradiation time (Vogelmann & Han, 2000) . The fluorescence profiles of the DCMU-treated thallus followed the shape of the untreated thallus but were slightly higher (Fig. S2) . Assuming tissue layers of 150 µm thickness (Fig. 3) , the effect was largest in the medulla where the relative fluorescence of the DCMU-treated thallus was 25.5 ± 3.6 % higher than in the untreated thallus while, the fluorescence in the upper cortex was 9.3 ± 3.7 % higher and 13.8 ± 2.5 % higher in the lower cortex.
The fluorescence profiles of the untreated thallus could thus have been somewhat affected by photosynthetic electron transport and were therefore not solely a product of the actinic light and chlorophyll concentration (Vogelmann & Han, 2000) . This could be a result of the experimental procedure, where the variable chlorophyll fluorescence measurements were carried out before the measurements of fluorescence profiles, and even though a 30 min dark period was given between the two measurement series, this might have affected the profiles. vesiculosus treated with 10 µM DCMU for 1h and then irradiated perpendicular to one side of the thallus surface with different spectral bands of blue (425-475 nm), green (525-575 nm), red (615-665 nm) and white (400-700 nm) light (n=4. SD not shown for clarity but mean relative SD was ± 4.3%).
Absorption profile calculations
Absorption profiles were calculated from measured fluorescence profiles and integrating sphere measurements of whole thallus absorption (Fig. S3) . First, grey values of fluorescence were normalized to the maximal fluorescence, Fmax, to get the distribution of relative fluorescence over the thallus cross-section. By measuring the whole-thallus absorption, we could then normalize the fluorescence distribution to the absolute absorption such that the integrated area under the curve (Fig.   S3D ) was equal to the total thallus absorption. The depth distribution of photon absorption was calculated by normalizing the fluorescence profile to the whole-thallus photon absorption, such that the area under the curve is equal to the whole-thallus absorption.
Effective quantum yield and non-photochemical quenching Apical thallus fragments of Fucus vesiculosus were illuminated perpendicular to one side of the thallus surface with different colors of increasing actinic irradiance (see main text) and variable chlorophyll fluorescence parameters were monitored (Fig. S4) . The curves were corrected for the depth specific photon absorption, calculated as above (Fig. S3) . Yields generally decreased with increasing irradiance with concomitant increases in the NPQ. In all cases, the yield of the medulla was lower and the NPQ was higher than in the cortex layers when corrected for absorption. This points to a lower photosynthetic potential of the medulla probably due to the much lower pigment content ( Fig. 3 main text) . 
